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On  /.'■'  Absorption  Sptctra  of  ThaUium,  Aluminium,  Lead  and  Tin, 

and  Arsenic 

By  Profi  ssoR  J.  C,  McLennan,  F.R.S.,  Mr.  J.  F.  T.  Young,  M.A. 
and  Mr.  H.  J.  C.  Irkton,  M.A. 

(Read  May  Meeting,  1919.) 

I.    Introduction 

Rrcrnt  work  by  Foote,  Rojjnley  and  Mohler'  on  the  resonance  and 
ionization  potentials  of  thallium  vapour  by  electrical  methods  gave 
the  values  1'3  and  7-3  volts  respccfively  for  these  magnitudes.  In 
previous  work  by  Mcl^ennan  and  others'  it  has  been  found  that  the 
resonance  potential  for  certain  elements  is  related  by  the  quantum 
relation  ve  —  hf  to  the  lowest  frequency  of  the  series  V"»(1'S  S) 
-(m,  pt)  and  that  the  ionization  potential  is  similarly  given  by 
applyine  the  same  relation  to  the  limiting  frequency  of  the  series 
v=(l-5  S)-(m,  P).  By  analogy  it  was  thought  that  the  values  of 
the  potentials  obtained  for  thallium  could  be  used  to  determine  these 
two  strics.  The  resonance  voltage  given  above  corresponds  to  radi- 
ation of  wavelength  11,  513  A.U.  which  is  a  well  known  line  i.i  the 
infra-red  while  the  ionization  voltage  gives  the  wavelength  1700  A.U. 
Refercm-c  to  a  recent  paper  by  McLennan,  Ainslie  and  Fuller*  shows 
that  no  line  had  as  yet  been  found  with  the  frequency  of  the  latter 
in  the  spectrum  of  thallium. 

In  a  previous  paper  by  two  of  the  authors*  the  method  of  arc 
nnrrsals  was  successfully  applied  in  determining  the  series  y->  (1  -5,  S) 
-  (m.P)  for  calcium  strontium  and  barium.  It  was  thought,  therefore, 
that  possibly  further  knowledge  of  the  series  of  thallium  and  other 
metals  might  be  obtained  by  an  application  of  this  method. 

II.    Experimental  Arrangements 

A  small  Hilger  quartz  spectrograph  Type  A  and  Schumann 
plates  prepared  by  the  Adam  Hilger  Co.,  were  used  in  taking  the  photo- 
graphs  of  the  spectra.  The  best  results  were  obtained  bv  focussing  the 
light  from  the  source  on  the  slit  with  a  cylindrical  quartz  lens.  The 
arc  arrangem°nts  were  the  same  as  that  described  in  a  previous  paper.* 

'  Foole,  Rognley  &  Mohler,  Phy».  Rev.  Vol.  XIII,  No.  1,  Jan.,  1919,  p.  59. 
•Guthrie  Lecture  by  Prof.  McLennan,  Proc.  Phys.  Soc.  London,  Vol.  1,  pt.  I, 
Dec.  15,  1918.    Tate,  Phy«.  Rev.    Vol.  X.  No.  1,  p.  81. 1917. 
» Proc.  Roy.  Soc.    Sec.  A.    Vol.  95,  Mar.  15,  1919.  p.  316. 

*  McLennan  &  Young,  Proc.  Roy.  Soc.  A.     Vol.  95,  1919. 

•  McLennan  &  Young,  loc.  cit. 
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The  arc  was  unick  between  blunt  carbonn.  held  at  right  anKlet,  the 
vertical  one  being  filled  elth.r  with  metallic  wilt  or  with  the  metal 
it»elf.  Owing  to  the  high  nvlting  point  of  the  metali  investigated 
A  was  found  neceiwary  to  um  currenu  of  from  10-20  ampem  at  200 
voltd.  The  vertical  carbon  was  made  positive  and  it  was  found  that 
a  few  second*  after  the  arc  struck  metallic  vapour  was  pairing  up  In 
dense  clouds  in  fror  t  of  the  arc  which  was  maintaine<l  at  the  back 
edges  of  the  carbon.  The  kngth  of  exposure  varied  fi  om  30-60  seconds. 
Small  supplies  of  vapour  in  the  arc  gave  the  emission  spectrum  only. 
A  calibration  curve  based  on  standard  wavelengths  in  the  spectra 
of  mercury,  zinc,  cadmium  and  magnesium  was  employed  to  obtain 
the  absorption  wavelengths,  measuremenU  being  taken  for  some 
known  line  as  zero.  A  Hilger  comparator  was  used  in  mcasurins  the 
plates. 

III.    Absori>tion  Spectrum  of  Thallium 

Previous  work  by  Guthrie"  on  the  absorption  spectrum  of  thallium 
has  shown  that  puru  thallium  gives  four  absorption  bands  at  3230 
A.r.,  3092  A.U..  2330  A.U.  and  2380  A.U.  and  on  adding  mercury 
additional  bands  appeared  at  3776  A.U.,  2768  A.U.  and  2580  A.U. 
It  was  considered  advisable  to  carry  this  work  further  into  the  ultra 
violet  in  the  hope  of  obtaining  absorption  over  a  scries  of  wavelengths. 

With  thallium  the  vertical  carbon  was  filled  with  the  chloride. 
In  the  heat  of  the  arc  the  salt  became  dissociated  and  free  metal  was 
obtained  in  the  form  of  vapour  with  a  current  of  from  8-12  amperes 
at  200  volts. 

The  speitrograms  showed  absorptions  at  several  places  which 
agreed  with  those  given  by  Punz'  for  the  series  v  -  (2,p,)— (m,di)  and 
v-(2,pj)-(m,s). 

These  are:    For  series  v-(2,p,)-(md') 


m«        6 

7 

8 

9 

10 

A-      2168-68 

2129-39 

2105-1 

2088-2 

2077- 

m-        U 

12 

13 

14 

A-       2069 

2062 

2057 

2053 

and  for  series  v  =  (2,p,)  -  (m,s) 

m-         5-5 

6-5 

7-5 

8-5 

A-       215218 

2119-2 

2098-5 

2083 

m-         95 

10-5 

11-5 

X"                2073 

2065 

2059 

'  Guthrie  Dissertation— Baltimore— 1908. 

"  Duni — Inaugural  Diuertation— TQbingen— 1911. 
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In  addition  to  tht  abm  ^huorptloiw  were  recorded  at  MM  A.U. 
itid  .'5.W  A.l'..  the  l.iltiT  Urn-  not  >-ct  awrignwl  to  any  M-rk-.  No 
alM.rpti(.n  wa«  found  at  3776  A.l'.  which  would  Indicati-  that  the 
prrsrntv  of  mercury  is  necewtary  for  thU  abnorptior  Two  of  the 
dixtt-cn  nerU-s  line*  have  not  previously  been  recorded.  They  are 
2065  A  r.  and  20.W  A.l'.  hilonginR  to  the  lerie*  K-(2.p,)-(m,ii). 

Thi-  repniductioii  n  Piatt-  I  illustrates  the  nature  of  the  abwrp- 
lion  obtaimd  with  thallium  vapour.  Attempt*  were  made  to  obtain 
absorption  at  1700  A.U.  with  thallium  salts  in  the  carbon  arc  in 
v.uiio  with  the  fluoritc  spcctrocraph.  but  these  have  bcin  up  to  the 
pr. «.nt  unMicrtttiful.  This  may  be  due  to  the  difTiculty  in  producing 
dinH'  enough  vapt)ur8  i.i  vacuum  arcs  which  were  op«n  to  the  pumps. 

IV.    Absorptton  Specthvm  of  Aluminium 
In  case  of  aluminium  it  was  found  impossible  to  use  any  of  the 
salts  owing  to  the  formation  of  the  oxide  which  was  irretluciWc  in 
the  arc,  so  that  the  metal  its»'lf  was  usi-d.     No  absorption  was  ob- 
;*rvcd  visually  with  a  small  glass  ^•«ctroscope  but  the  spectrograms 
re\(akd  series  of  absorption  ban-is  in  the  ultra  violet.    When  care- 
fully measured  it  was  found  that  the  values  agreed  exactly  with  those 
Kiven  by  Dunz'  for  the  scries  v- (2,p.)-(m,d')  and  v-(2,pi)-(m,s). 
In  the  former  series  nine  absorption  bands  were  found  and  in  t  e 
latter,  five.    They  were  -is  follows: 
Series  v  -  (2,pj)  -  (m,d') 
m-  6  7 

A-  226.V83       2204-73 

m-  U  12 

A-  2119  2111 

St-ries  v- (2,pi)-(m,») 

m-  4-5  5-5 

A-  2258-27       2199-71 

Since  no  other  absorptions  were  observed,  no  new  setif^n  rtlations 
(111  Ix-  predicted  from  the  work,  but  it  is  of  interest  t-  note  that 
the  frequencies 

).-(2,p,)-(12,d').     v=(2,p,)-(13,d') 
v-(2,p,)-(14.d').    v-(2.p,)-(6-5,s)and 
v=-(2,Pj)-(7-5,s)  have  been  recorded  for  the  first  time. 
The  reproduction  shewn  in  Plate  II  is  that  of  the  ab.^orption 
spectrum  of  aluminium. 


8 

9 

to 

2169 

2146 

2130 

1.^ 

14 

2105 

2100 

65 

7-5 

8- 

2165 

2141 

2124 

'  Dunz,  loc.  cit. 
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V.    Absorption  Spectrum  of  Lead 
^J  '"the  present  nothing  has  been  known  of  the  spectra!  series 
otlead     Hence  .t  was  thought  the  method  of  arc  reversals  spectra 
might  throw  light  on  the  subject. 

As  in  the  case  of  aluminium  the  metal  in  granulated  form,  chemi- 
cally pure,  was  used.  Absorption  bands  were  obtained  fairly  readily 
and  extended  down  well  into  the  ultra  violet.  It  is  interesting  to 
note  that  absorption  could  be  observed  visually  at  ^  =  4058  A.U. 

In  all,  19  reversals  were  obtained  varying  in  type.  It  was  found 
possible  to  classify  them  as  follows: 

Narrow  Absorptions.  Diffuse  Absorptions  Other  Absorptions 


2833  A.U. 
2400  « 
2170  « 
2015  « 
1938  « 
1911       « 


2155  A.U. 
2088  " 
2054  " 
2051  " 
2049  « 
2023       " 


40S8  A.U 

2614 

2247 

2060 

1973 

1925 

1900 

Since  the  absorption  spectra  of  thallium  and  aluminium  showed 
the  same  characteristics  of  narrow  and  diffuse  absorptions  it  is  possible 
that  the  series  of  narrow  absorptions  found  in  lead  may  correspond  to 
that  in  thallium  and  aluminium,  viz.  v  =  (2.p,)-(m,s)  and  .i.nilarly 
the  diffuse  absorptions  to  the  series  v  =  (2,p,)  -  (m.d').  Further  work 
will  be  necessary  to  confirm  this.  The  reproductions  of  Plate  III 
show  (a)  the  carbon  arc  spectrum,  (6)  the  lead  arc  emission  spectrum, 
(c;  the  lead  arc  absorption  spectrum,  and  (d)  that  of  the  lead  spark. 

VI.  Absorption  Spectrum  of  Tin 
The  results  obtained  from  the  absorption  spectrum  of  lead 
suggested  similar  work  with  tin  for  which  nothing  is  known  of  spectral 
senes.  Unfortunately,  the  results  were  too  meagre  to  make  any 
prediction  regarding  series,  since  the  only  absorptions  obtained  were 
narrow  reversals  at  2141  A.U.,  2096  A.U.  and  2058  A.U.  It  is  possible 
that  these  may  belong  to  the  same  series  but  the  other  members  have 
yet  to  be  found. 

The  reproductions  of  Plate  IV  show  (a)  the  spectrum  of  the  carbon 
arc,  {b)  that  of  the  tin  emission  arc,  (c)  that  of  the  tin  absorption  arc. 
and  (d)  that  of  the  tin  spark  in  air. 

VII.    The  Absorption  .-vno  Flame  Spectra  of  Arsenic 
As  a  result  of  the  extension  of  the  work  on  electrical  determina- 
tion of  resonance  and  ionizing  potentials  to   the   case   of  metallic 


„e.ES.A«.vo«KC-.«T0.1    ABSORPTION  SPECTRA  »« 

,..nie.  U  became  of.jreat  in^rest^^P^V^^^^^^^ 

potential  was  found  to  De  *  '/"'"."  ,  radiation  of  wave  length 

JoUs.    These  co^-pond  -  the  --"^-^^^^1,  already  in 
A  =  2620  A.U.  and  A-1070  A-U-    As  na  ^         ^j^^  absorption 

,he  case  of  mercury,  ztnc.  ^f ^^'^^^^^^  "^^^  ,pec uum  have  been 

ionising  potentials  respectively. 

(o)  4&wp.'tono/i4r5ent<:  Fapowr 
The  same  experimental  arrangementswej.us^^^^^^  ca-^f 
.u,ninium.  thaUium  .n  ^^^^^^^^^t  Snary  rectangular 
was  vaporised  ^^^  ;*»5_;?''*^,,3.  n^  visual  absorption  was  ob- 
"^  Tbut  r:^l^alTereSil  strong  unilateral  band  absorp- 
S:fth'":hlr;  :Cof the  bands  having  the  following  wave  lengths. 
Head  of  band  extending  to  approximately, 

A  =  2634.5A.U.  ,«0      « 

2570.0      «  255^      « 

2503-5       «  2^83       ^ 

2437-3       " 
The  above  ate  recorded  as  emission  bands  by  Kayser.« 
No  line  reversals  were  obtained  in  any  part  of  the  spectrum  down 
toA=1850A.U. 

(6)  Flame  Spectrum  of  Arsenic 
X.  will  be  observed  the  work  on  absorption  spectra  was  in  no  way 

l,„„,  ,te  work  on  '^°«7f''«"°»'/u'^r.  toher  .tl»mpt  to 

".Foote.Rognley&Mohler.Phys.Ke;.  Vol.  XIII.  Jan..  1919.  p.  59. 
'  Kayser— Handbuch  der  Spectroscopie. 
«  Foote.  Rognley  and  Mohler,  loc.  cil. 
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McLennan  and  Thomson.*  The  arsenic  metal  was  placed  in  the  steel 
annulus  which  was  heated  by  a  Bunsen  burner;  the  vapour  beine 
driven  into  a  gently  burning  flame.  ^ 

Spectrograms  were  taken  with  a  Hilger  type  A  quartz  spectro- 
graph on  Schumann  plates  prepared  by  the  Adam  Hilger  Co  The 
e.'crosures  were  of  about  seven  hours'  duration  and  the  following 
arsenic  radiation  was  recorded  in  addition  to  the  ordinary  Bunsen 
Mame  spectrum. 

J  99iiT,f  ^  ^i^u  ^y-'  ^  ^^^  ^•^-  ^  "80  A.U..  A  2350  A.U.  and 
A  zzsa  A.U.  and  bands  with  heads  at  k  2634  A.U,  A  =  2570  AU 
/!  =  2503-5  A.U   and  X  2437-3  A.U..  the  weaker  parts  of  the  bands 
being  towards  the  ultra  violet. 

A  number  of  these  correspond  to  flame  lines  found  by  Eder  and 
Valenta.' 

VIII.    Summary 

(a)  Thallium 

u  r^'  I"  f'l^**'""  ^°  absorptions  of  thallium  already  discovered 
by  Guthue',  further  absorptions  were  obtained  as  arc  reversals 

2.  These  additional  absorptions  in  the  ultra  violet  region  were 
confined  to  the  two  series  v=(2,p,)-(m,d')  for  values  of  m  =  6-14 
inclusive  and  v  =  (2,p,)  -  (m.s)  for  m  =  5  -  5 - 1 1  -  5  inclusive 

3  The  series  v=(2.p,)-(m.s)  has  been  observed  for  values  of 
m=  10-3  and  m=  11 -5  for  the  first  time. 

4.  No  absorption  was  obtained  in  the  region  1700  A.U.  with  the 
thallium  arc  in  vacuo. 


(6)  Aluminium 

1.  The  absorption  spectrum  of  aluminium  has  been  found  to 
consist  of  fourteen  bands  in  the  extreme  ultra  violet. 

^2.  As  w-ith  thallium  these  absorptions  are  given  by  the  series 
v-(2,pj)-(m,d)  for  values  of  m  =  6-14  inclusive  and  v=(2.p,) 
-(m,s)  for  values  ofm  =  4-5-8-5  inclusive. 

3.  The  series  v  =  (2,p,)  -  (m,d')  has  been  verified  for  m=12,  13 
and  14  and  the  series  v  =  (2,p,)  -  (m,s)  for  m  =  6  -  5  and  7  •  5  for  the  first 
time. 

(c)  Lead 

^-  ^"  »••>  19  absorption  bands  of  lead  were  measured. 


'  McLennan  and  Thomson.     Proc.  Roy.  Soc.  A.  Vol.  92,  1916  p  584 

*  Eder  and  Valenta,  Atlas,  Typischer  Spektren. 

•  Guthrie — loc.  cit. 


(MttENNAN-TOUifo-HETON)    ABSORPTION  SPECTRA  « 

2.  It  is  possible  that  the  systems  of  narrow  and  diffuse  absorp- 
tions may  correspond  to  the  analogous  series  absorptions  of  thallium 
and  aluminium. 

(rf)  Tin 

1.  Three  absorption  bands  of  tin  were  obtained  but  no  identifica- 
tion of  series  is  yet  possible. 

(e)  Arsenic 

1  The  flame  sp<  ctrum  of  metallic  arsenic  has  been  found  to 
consist  of  five  lines:  A  =  3266  A.U.,  A  =  2860  A.U.,  A  =  2780  A.U., 
i=2350  A.U.  and  A  =  2288  A.U.  together  with  four  bands  with  heads 
at  ;,  =  2634-5  A.U.,  A -2570  A.U..  A  =  2503 -5  A.U.  and  A  =  2437 -3  A.U. 

2.  The  arc  absorption  spectrum  has  been  found  to  consist  of  four 
strong  unilateral  bands,  the  sharp  edges  of  which  were  towards  the 
red  and  occurred  at  wavelengths  A  =  2634-5  A.U.,  A  =  2570-0  A.U., 
;i=2S03-5  A.U.,  A=2437-31  A.U. 

3.  Contrary  to  expectation  no  single  line  absorption  or  emission 
was  found  which  could  possibly  be  supposed  to  correspond  to  the  line 
1  =  2620  A.U.  predicted  by  Foote  and  others.' 

Admir  !ty  Physical  Laboratory, 
South  Kensington. 

14lh  April,  1919. 


'  Foote,  Rognley  and  Mohler — loc.  cU. 
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